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1. Structured Abstract 

 
Purpose: To optimize an older adult friendly Theory-based Patient portal eLearning Program (T-PeP) and 
assess its impact on PP knowledge, selected health outcomes (health decision-making self-efficacy and health 
communication), PP self-efficacy and use, and eHealth literacy in older adults. 
 
Scope: The high prevalence of chronic illnesses is a serious public health problem in the United States, and 
more than 70 million older adults have at least one chronic illness. Patient portals (PPs) have an excellent 
potential to assist older adults in managing chronic illnesses; however, older adults’ PP adoption rates have 
been low. Lack of support for older adults using PPs remains a critical gap in most implementation processes. 
 
Methods: A two-arm RCT was conducted with older adults (N=272) who has chronic conditions. Participants 
were recruited online, and data were collected at baseline, 3 weeks, and 4 months. The main intervention effects 
were tested using linear mixed models. 
 
Results: The average participant age was 70.0±8.5 years, and 78.3% (n=213) were white. At 3 weeks, the 
intervention group showed significantly greater improvement than the control group in all outcomes except PP 
use. At 4 months, the intervention effects decreased, but PP self-efficacy remained significant (p=.015) and the 
intervention group showed higher PP use than the control group (p=.029). The study findings showed that the 
T-PeP program was effective in improving selected health and PP usage outcomes. Further studies are needed 
to test the long-term effects of T-PeP using more diverse samples.  
 
 
Key Words: Patient Portal, Older Adults, eLearning, Chronic Illnesses, Usability 
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2. Purpose. 

 
Aim 1: To optimize and implement Theory-based Patient portal eLearning Program (T-PeP)  in an older adult 
online community and conduct formative and process evaluations (e.g., usability problems, barriers and 
facilitators for PP use, and other practical issues).   
      

Aim 2: To assess the impact of T-PeP on PP knowledge, selected health outcomes (health decision-making 
self-efficacy and health communication), PP self-efficacy and use, and eHealth literacy in older adults.  
 
We hypothesized that participants who used the T-PeP intervention would demonstrate greater improvement 
than the control group at the end of T-PeP (3 weeks) and at 4 months in PP knowledge, self-efficacy for using 
PPs and making health decisions, perceived patient-provider communication, eHealth literacy, and PP use 
(having PP, usage frequency). 
 

3. Scope 
 

The high prevalence of chronic illnesses is a serious public health problem in older adults.1,2 Approximately 80% 
of American older adults have at least one chronic condition.3 People with chronic conditions must manage many 
health-related tasks (e.g., follow up on treatment plans and appointments) and communicate with their care 
providers frequently. Many older adults may also need to share their health information with their family 
caregivers. Patient portals (PPs) are a robust patient-focused health information technology (IT) program that 
patients use to access their electronic health records (EHRs) and communicate with providers. Most PPs also 
include other tools, such as appointment scheduling and medication refill programs.4,5 Prior findings 
demonstrated positive impacts of PPs on the management of chronic conditions,6,7 adherence to treatment 
plans,8,9 and patient-provider communication.10,11 With the recent Medicare EHR Incentive Payment program,12 
PPs are freely available to patients from most health care providers. Currently, PP adoption rates vary in the 
literature.13-15 A meta-analysis of 40 studies reported an overall mean adoption rate of 52%, with markedly 
varying rates among studies.13  

Older adults are often assumed to use PPs less frequently than younger adults13,16,17; however, a few recent 
studies have reported that more than 50% of older adults in their samples have PP accounts.15,17,18 These rates 
are significantly higher than general older adults in the community. These adoption rates might not reflect actual 
PP use among this population.13 When older adults were admitted to hospitals or visited clinics, staff members 
might have helped them sign up for PP accounts19,20 because providers needed to meet the requirements for 
the Medicare EHR Incentive Payment program.12 Prior studies also suggest that although older adults have PPs, 
many do not use them because of their unfamiliarity with the technology, insufficient training, etc.19-21 Based on 
a general population survey (2017 Health Information National Trends Survey; N = 3,285),22,23 only 32.4% of 
adults age 50 and older and 27.9% of adults age 65 older used PPs (“access your online medical record”). 
Despite the rapid increase in older adult online users, many older adults are not technologically savvy and require 
additional support for learning to use eHealth programs.21,24,25 Currently, most older adults in the community 
receive little or no PP training support from their providers. This is a critical gap in the nation’s health IT initiative 
because without appropriate support, older adults will not be able to use this robust health tool effectively, missing 
an important opportunity to improve their health. In an effort to fill this gap, in our previous studies19,26 we 
developed and tested the older-adult-friendly Theory-based PP eLearning Program (T-PeP) to provide older 
adults with necessary support for using PPs. The aims of this online trial was to optimize and test the effects of 
T-PeP on selected health-related outcomes and PP use in community-dwelling older adults with chronic 
illnesses. We hypothesized that participants who used the T-PeP intervention would demonstrate greater 
improvement than the control group at the end of T-PeP (3 weeks) and at 4 months in PP knowledge, self-
efficacy for using PPs and making health decisions, perceived patient-provider communication, eHealth literacy, 
and PP use (having PP, usage frequency). 
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Theoretical Framework 
T-PeP was developed and implemented with the guidance of self-efficacy theory, which emphasizes the 
importance of personal beliefs about the ability to perform selected behaviors/tasks (self-efficacy [SE]) and the 
expected outcomes from those actions.27 This theory fits well with the project because older adults will use PPs 
if they believe they can use the technology and benefit from it.28 Older adults’ beliefs about the health outcomes 
of using PPs can be a good motivator.27,29 Self-efficacy theory describes four sources of efficacy beliefs27: (1) 
successful performance of the behavior; (2) social persuasion; (3) modeling others’ successful performances; 
and (4) relief of emotional stress (e.g., technology anxiety). These sources of SE were provided through various 
components of T-PeP, such as web modules (text, video, pictures) and discussion forums. For example, 
participants were encouraged to set goals based on the content they learned through modules and share their 
success stories and/or challenges on the discussion board. In the modules, they were informed of potential 
difficulties with technology and were provided help desk support.  
 

4. Methods 
Aim 1. Optimize the T-PeP Program  
 
Overview. The draft T-PeP program developed in the preliminary study is being optimized to be mobile 
compatible using the SoftChalk program. During this period, we upgraded our SoftChalk program to the most 
up-to-date version and tested the network infrastructure and developed all necessary templates for T-Pep, online 
forms, and surveys. User interfaces have been tested by older adults who are taking CyberSenior classes at the 
church where Dr. Nahm serves as a computer instructor.  
 
Theory-Based Patient Portal eLearning Program (T-PeP) 
 
The 3-week T-PeP program was developed for older adults to learn to use PPs to manage their health. It explains 
how to sign up for the PPs, use different PP functions, give access to other persons, and use PPs to better 
manage their health. (See Table 1 for detailed content.) T-PeP includes learning modules, moderated discussion 
boards, and a virtual library. Considering variations in the types and usability of PPs nationwide, T-PeP was 
developed as a vendor-agnostic (“not tied to a specific vendor”) program. The T-PeP program was tested in our 
prior studies.19,26 For the current study, the content was further refined and expanded, including more short demo 
videos of specific PP functions. Participants were encouraged to use those functions in their own PPs and share 
their experiences via discussion forums. A discussion forum accompanied each module, and trained nurse 
moderators facilitated the discussions. The Virtual Library (VL) included links to other helpful sites that included 
relevant information.  
 
The password-protected T-PeP program was developed using our established eHealth intervention platform. 
The program was developed to be older adult friendly following the National Institute on Aging (NIA) guidelines.42 
Web pages (e.g., learning modules) were developed using the SoftChalkTM program,43 which accommodates 
various mobile devices using optimized design. The Blackboard (BB) eLearning program,44 the upper layer of 
the web architecture, helped structure learning content and provided discussion boards. The traditional BB user 
interface was redesigned to simulate a regular web page.44 The BB program also controlled user access and 
facilitated group-based online trials by allowing duplication of the intervention site and scheduled release 
function. 
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Table 1. Learning Modules and Topics  

 Modules                  Subtopics 
 

Wk1 M1:  Patient Portal Overview   • EHR and PHR 
• Patient Portal 
• Privacy and Security 
• What to Ask Healthcare Providers 
• How to Sign-up for a Patient Portal 
• Summary/Self-Assessment Quiz 

Wk2 M2:  Using Patient Portal: 
Main Tools   

• How to View Your Medical Record 
• How to Use eMessaging  
• How to Review Lab Results  
• How to Review Medications 
• Summary/Self-Assessment Quiz 

Wk3 
 

M3: Additional Tools in 
Patient Portals  

• Request Medication Renewal 
• Appointment Scheduling 
• Proxy Account 
• Health Educational Information 
• Summary/Self-Assessment Quiz 

 

Aim 2. Assess the Impact of T-PeP  
 
Design and Participants  
 
This was a two-arm parallel-group randomized controlled trial (RCT) comparing the T-PeP group with the no-
intervention control group. The study was approved by the Institutional Review Board at the University of 
Maryland, Baltimore.  
 
Individuals were eligible if they were age 50 or older with at least one chronic disease (e.g., heart disease, 
diabetes, cancer),* had access to the Internet/e-mail, could use the Internet/e-mail independently, resided in the 
United States, and could read and write English. (*Due to varying definitions,30 a list of chronic conditions that 
are common to older adults31 was provided.) Participants were recruited online from SeniorNet,32 a leading older 
adult online organization that provides adults  age 50 and older with technology education and maintains an 
active online community32  (1/17/2017–6/23/2017). It also has 25 learning centers throughout the nation.32 The 
members’ median age is 60 to 70 years, and the majority (~80%) are white. In an effort to recruit more minority 
participants, we also worked with leaders in three SeniorNet learning centers located in areas with high minority 
populations and one large retirement center community in Maryland (flyers with the study information were 
distributed).  
 
A brief description of this study and a hyperlink to the study’s website were posted on the SeniorNet website, 
and it was also advertised via its eNewsletters. Detailed information about the study was provided on the study 
website (participants from other sites were referred to the study website directly). If an individual decided to 
participate, he/she clicked on the “Continue to Participate” button and an interactive eligibility criteria form 
opened. Only those who met all inclusion criteria could proceed to the online consent form. At the end of the 
consent process, the participant filled out the contact information form and the project manager contacted the 
person within 72 hours via phone to provide more detailed information about the study. The telephone follow-
ups also served as a mechanism to validate the demographic information and cognitive status (e.g., ability to 
understand the study procedures) of the participant. Upon the follow-up phone call, the participant was placed 
on a waiting list until approximately 40 to 60 participants (a team) were recruited. Once a team was filled, the 
participants completed the baseline survey and were randomly assigned to one of the two study conditions (T-
PeP or Control) using a block randomization method. 
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Measures 
 
Demographic and descriptive variables. Demographic variables included age, sex, education level, and health 
conditions (e.g., chronic illnesses). Internet experience was assessed by years of use and mobile device use. 
Additionally, participants were asked about their experiences with PP training, about their sources of PP 
information (registration desk, doctors, nurses, etc.), about type of information (none, brochures, instructions on 
the web, etc.), and one open-ended question. 
Outcome Measures. Specific outcome measures included PP knowledge, self-efficacy for PP use and health 
decision-making, patient-provider communication, and PP use. Additionally, the level of eHealth literacy was 
assessed using the eHealth Literacy Scale (eHEALS), an 8-item measure on a 5-point Likert scale with scores 
ranging from 8 to 40.33 This tool has been used in prior studies with older adults and shown to be internally 
consistent and valid.34  
 
PP knowledge was assessed using an 8-item questionnaire developed by experts and tested in other studies.19,26 
The items focused on how to obtain the accounts and their functions, and the calculated alpha of the measure 
in this study was .54.19    
 
PP self-efficacy was assessed using a modified 4-item Self-Efficacy for Computer-Based PHR scale of the PHR 
Self-Efficacy tool.35 The original scale assesses three areas of PHR competency (general PHR self-efficacy, self-
efficacy for paper-based PHR, and self-efficacy for computer-based PHR) on an 11-point Likert scale (0, not at 
all confident; 10, very confident). The validity of the measure was assessed using criterion validity testing.35 The 
scale was tested in our prior study,19 and its calculated alpha was .88.  
 
Self-efficacy for health decision making was assessed using the Decision Self-Efficacy Scale, including 9 items 
on a 5-point Likert scale (0, not confident; 4, very confident). The scale assesses the person’s ability to obtain 
information, ask questions, and make a choice.36-38 Two items on the original scale were not included because 
they were beyond the scope of PP functions. The scale was tested for older adults in an eHealth study (α=.83; 
criterion validity).39 
 
Patient-provider communication was assessed using the three areas of the Components of Primary Care 
Index40,41: interpersonal communication, provider’s knowledge about the patient, and care coordination, including 
12 items on a 5-point Likert scale (1, strongly disagree; 5, strongly agree). The original scale assesses four 
areas, including “patient preference to see the usual doctor.” The three areas were chosen because they are 
associated with communication between the patient and the provider. The validity of the measure was examined 
using factor analysis,41 and its calculated alpha was .88.19 
 
PP use was assessed using the number of patients who had PP account(s) and the frequency of PP usage 
reported in the scheduled surveys.     
 
Intervention: Theory-Based Patient Portal eLearning Program (refer to Aim 1)  
 
Procedures 
 
After randomization, the intervention group participants started using T-PeP. The instructions and course 
schedule for the program were posted on the study website. A new learning module and an accompanying 
discussion forum opened on the T-PeP website weekly for 3 weeks, and an e-mail notification was sent to 
participants. Participants were encouraged to visit the T-PeP website at least once a week to review the new 
module and share their thoughts and experiences on the discussion boards. The nurse moderator facilitated the 
discussions and monitored them daily to identify any untoward postings. Participants could further explore PP-
related topics and selected health information by using the Virtual Libraries.  
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No specific intervention was provided to the control group participants, but at the end of the trial, they had access 
to T-PeP for 3 weeks. All participants completed an online follow-up survey at the end of 3 weeks. To maintain 
contact with participants, an e-mail informing them of upcoming follow-up surveys was sent monthly. An incentive 
of a $20 check was mailed to participants who completed the 3-week survey, and another $20 check upon 
completion of the 4-month survey. 
 
Fidelity Monitoring of the Intervention   
 
Participants’ use of the learning modules and discussion board was monitored weekly via the usage reports 
generated from BB. Monitoring was performed per module and per group because new modules and discussion 
forums opened weekly and groups were on different study schedules. Program usage was based on the 
frequency of visits (captured by logins) to each component.  
 
Data Analysis 
 
Descriptive analysis (mean, SD, range, frequency, and proportion) was conducted on each variable to describe 
the sample and check the assumptions on the models used for the main analysis. Baseline differences between 
the intervention and control groups were examined on demographic characteristics, health conditions, and 
baseline outcome scores using t-tests for continuous variables and chi-square tests for categorical variables.  
 
The intent-to-treat approach was adopted in the primary analysis. Linear mixed models (LMMs) were used to 
compare the differences of changes in continuous outcomes between the T-PeP group with the control group. 
Generalized LMM with binomial distribution was used for the binary outcome (i.e., having a PP). For each 
outcome, LMMs included a random intercept to account for correlation between the repeated measurements. 
The fixed effects included group (T-PeP vs. Control), time indicator variable (baseline, post-treatment, and/or 
follow-up), and the group-by-time interaction term. The significance of the group-by-time interaction tested 
whether the change (baseline to 3 weeks or baseline to 4 months) differed between T-PeP and control 
conditions.45 We used empirical “sandwich” standard errors due to their robustness properties. The ordinal 
logistic regression model was used to compare the frequency of PP usage at 3 weeks and at 4 months within 
group included in the model. Within group effect sizes were calculated as the model-based difference of the 
outcome from baseline to 3 weeks and from baseline to 4 months, divided by baseline standard deviation, 
respectively. Between-group effect sizes were calculated as the model-based difference in change divided by 
the pooled standard deviation of the outcome at baseline.46 
 
There was a difference in attrition rates between the T-PeP and control groups (18.1% T-PeP vs. 5.2% Control 
for 3 weeks; 17.4% T-PeP vs. 6.7% Control for 4 months). The attrition was more likely for those with lower 
computer knowledge, with lower education, and who were not married, as well as those with frailer health (e.g., 
heart and lung problems). Thus, as a sensitivity analysis, we re-fit the mixed-effect models using model-based 
standard errors (SEs). Under normality, using model-based SEs results in tests that are less likely to be biased 
to the extent that the “missingness” of outcomes is dependent on observed data (i.e., baseline outcome 
measurements).45 SAS 9.4 was used for the analysis.47   
 
Within the intervention group, we also assessed the potential effects of T-PeP usage on the changes in major 
outcomes (“dose-effects”) using LMMs. The fixed effects included time, usage (sum of frequencies of module, 
discussion board, and virtual library use), and time-by-usage interaction. A random intercept was included to 
account for the correlation between repeated measures within each participant. The significance of the 
interaction term indicated the effects. 
 
Limitations  
 
A major limitation of the study is the generalizability of the findings related to the sample characteristics. 
Participants were recruited online, and the majority of them were highly educated. Although these participants 
might have been more familiar with technology than the general American older adult population, they may be 
representative of the rapidly growing older adult population that is online. In addition, we made efforts to engage 
more minority participants and included 21.7% of minority participants, which is close to the national racial 
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distribution.62 The data was collected using self-reported online surveys only. In future studies, inclusion of actual 
data from PPs would result in more robust outcomes data. Due to the project time line, we could not assess the 
long-term effects of the intervention. In future trials we plan to examine the effects of long-term interventions on 
long-term health outcomes.  
 

5. Results 
Demographics  
 
A total of 473 individuals who visited the study website completed the online eligibility form. Among those, 160 
did not meet the criteria, 16 declined to participate, and 25 submitted the consent form but did not start the study 
(Figure 1, CONSORT diagram). A total of 272 older adults from 29 states participated in the study. The 
participants were randomized into either the T-PeP (n = 138) or control (n = 134) group. After intervention, 240 
participants completed the 3-week survey and 239 completed the 4-month follow-up survey.  
 
Thirteen participants dropped out of the study (i.e., expressed the wish to stop participating, no follow-up survey 
sent), and an additional 20 participants did not respond to the 3-week survey (the 4-month follow-up survey was 
sent), the 4-month survey, or both surveys. Overall attrition rates using the proportion of “missing” participants 
who did not return the survey were 11.8% (n = 32) at 3 weeks and 12.1% (n = 33) at 4 months. When participant 
demographics and Internet use characteristics were compared between the intervention and control groups at 
baseline, only one variable (seen physician in last 3 months) was significantly different between the groups, 
which could have occurred by chance variation.    
 
Figure 1. CONSORT Diagram Showing the Flow of Participants through Each Stage of the Trial 
 

 
 
 

Baseline Survey 
(N=272)

Randomization

T-PeP (n=138) Control (n=134)

T-PeP (n=113)
Discontinued the study  (n=10)

   - Reason given (n=7)
Missing at follow up (n=15)

Control (n=127)
Discontinued the study (n=2)

- Reason given (n=0)
Missing at follow up (n=5)

Completed the eligibility form 
(N=473)

• 

• Excluded (n=201) 
- Not met inclusion criteria (n=160 )
- Met the criteria but declined  to 
   participate (n=16)
- Met the criteria, submitted the  
   consent form, but did start the study, 
   no baseline data (n=25)

• 

Control (n=125)
Missing at follow up (n=7)

T-PeP (n=114)
Discontinued the study  (n=1)

    - Reason given (n=0)
Missing at follow up (n=13)

Allocation

EOT (3-WK)

16-WK FU
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Table 2 summarizes participant characteristics. The majority of participants were female (n = 191, 70.2%) and 
white (n = 213, 78.3%), with a mean age of 70.0 ± 8.5 years (range, 50–92 years). Most participants had some 
college or higher level of education (n = 258, 94.9%). The most frequent chronic illness was high blood 
pressure (n = 174, 64.0%), followed by arthritis (n = 160, 58.8%) and depression (n = 63, 23.2%). The average 
years of web experience was 19.3 ± 7.7, and the mean hours spent using the web per week was 22.9 ± 17.1. 
The majority (n = 213, 78.3%) of participants reported their level of computer knowledge as competent or 
higher. 

The majority (n = 194, 71.3%) reported having at least one PP account at baseline, with a mean of 2 ± 1.2 (range, 
1–6). The majority of participants who had PP accounts received the information about PPs either through their 
healthcare providers (n = 101, 52.1%) or registration desks (n = 72, 37.1%). About half of participants (n = 96, 
49.5%) learned to use PPs via information on web pages, and 35.1% (n = 68) learned via brochures or printed 
instructions. About one quarter (n = 49, 25.3%) of participants received no training. A total of 170 participants 
submitted comments on their experience with training. Among those, 55 participants commented that they 
received no instructions or were self-taught, and 23 participants reported receiving minimal information. (More 
in-depth analysis on older adults’ current PP usage has been published elsewhere.20)  
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Table 2. Baseline Descriptives and Comparison by Intervention and Control Groups, N=272 
 

Characteristics Total Sample Intervention Control  p value† 
  n=272 n=138 n=134   

age, M±SD, range: 50-92 70.0 (8.5) 69.7 (8.6) 70.4 (8.5) 0.550 
Female, n (%) 191 (70.2) 93 (67.4) 98 (73.1) 0.300 
Race, n (%)    0.757 
   White 213 (78.3) 108 (78.3) 105 (78.4)  
   Black 40 (14.7) 19 (13.8) 21 (15.7)  
   Others 19 (7.0) 11 (8.0) 8 (6.0)  
Married, n (%) 124 (45.6) 65 (47.1) 59 (44.0) 0.611 
Education, n (%)    0.696 
   High school diploma or less 14 (5.1) 7 (5.1) 7 (5.2)  
   Some college or college degree 143 (52.6) 76 (55.1) 67 (50.0)  
   Graduate Degree 115 (42.3) 55 (39.9) 60 (44.8)  
Income, n (%)    0.553 
   Less than $3000/month 104 (39.0) 51 (37.2) 53 (40.8)  
   $3000 or greater/month 163 (61.0) 86 (62.8) 77 (59.2)  
Employment, n (%)    0.805 
   Employed 57 (21.0) 31 (22.5) 26 (19.4)  
   Retired 184 (67.6) 91 (65.9) 93 (69.4)  
   Other 31 (11.4) 16 (11.6) 15 (11.2)  
Years Internet Experience, M±SD 19.3 (7.7) 19.9 (7.9) 18.7 (7.6) 0.197 
Computer competency, n (%)    0.183 
   Beginner 59 (21.7) 30 (21.7) 29 (21.6)  
   Competent 111 (40.8) 49 (35.5) 62 (46.3)  
   Proficient 76 (27.9) 46 (33.3) 30 (22.4)  
   Expert 26 (9.6) 13 (9.4) 13 (9.7)  
Used internet for health info, n (%) 252 (92.6) 130 (94.2) 122 (91.0) 0.318 
Total hours/week internet usage, M ± SD 22.9 (17.1) 23.0 (18.0) 22.8 (16.1) 0.896 
Chronic diseases* (Yes), n (%)    

 
   High blood pressure  174 (64.0) 86 (62.3) 88 (65.7) 0.565 
   Arthritis   160 (58.8) 76 (55.1) 84 (62.7) 0.202 
   Depression  63 (23.2) 32 (23.2) 31 (23.1) 0.992 
   Cancer   54 (19.9) 27 (19.6) 27 (20.1) 0.904 
   Heart problems 49 (18.0) 25 (18.1) 24 (17.9) 0.965 
   Osteoporosis  43 (15.8) 19 (13.8) 24 (17.9) 0.349 
   Diabetes  42 (15.4) 25 (18.1) 17 (12.7) 0.215 
Seen physician in last 3 months, n (%) 57 (21.0) 22 (15.9) 35 (26.1) 0.039 
Note: †.  Comparison of means (t test) or proportion (χ2) between intervention and control groups.  

 
Outcomes Measures 
 
Table 3 presents the group means and standard deviations for outcome variables at baseline, at the end of 
treatment (3 weeks), and at 4-month follow-up. Table 4 presents the results of primary LMM analyses examining 
the differences of changes in outcomes from baseline to 3 weeks and from baseline to 4 months. Overall, the T-
PeP group had greater improvement than the control group for most of the outcomes at the end of intervention, 
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but the intervention effects reduced at 4 months. Results of the sensitivity analysis were similar to the main 
analysis.  
 
At 3 weeks, participants in both the intervention and control groups improved their PP knowledge and PP self-
efficacy. The T-PeP group showed greater improvement than the control group (t [237] = 2.36, p =.019, effect 
size [ES] = .27 for knowledge; t [237] = 3.05, p = .003, ES = .29 for PP SE). While the control group did not 
change significantly, the intervention group improved the scores of health decision-making, patient-provider 
communication, and e-Health literacy. Differences of changes between T-PeP and control groups were observed 
for health decision-making (t [237] = 2.38, p = .018, ES = .25), for patient-provider communication (t [237] = 2.90, 
p = .004, ES = .25), and for e-Health literacy (t [237] = 2.49, p = .014, ES = .27). Having PP account(s) at 3 
weeks, an indication of newly activated PPs, did not show significant improvement within each group, nor did it 
differ between groups. However, the intervention group demonstrated a tendency of higher levels of PP use than 
the control group (OR = 1.69, p = .06) at 3 weeks.    
 
As for the change from baseline to 4 months follow-up (Table 4), most of the outcomes showed improvement 
within each group but not for between group differences. The only significant difference was observed for PP 
self-efficacy (t [476] = 2.43, p =.015, ES =.23), and the frequency of PP use among T-PeP group was higher 
than among control group (OR = 1.79, p = .029).    
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Table 3. Group Means and Standard Deviations at Baseline, Post-treatment and Follow-up of the Participants, N=272 
 

Outcomes Baseline   3 weeks   4 months 

 Mean (SD)  Mean (SD)  Mean (SD) 

 T-PeP Control Total  T-PeP Control Total  T-PeP Control Total 

  (n = 138) (n = 134) (n = 272)   (n = 113) (n = 127) (n = 240)   (n = 114) (n = 125) (n = 239) 

PP knowledge (0-8) 5.28 (1.63) 5.05 (1.81) 5.17 (1.72)  6.48 (1.21) 5.68 (1.47) 6.05 (1.41)  6.53 (1.21) 5.97 (1.58) 6.23 (1.44) 

PP self-efficacy (0-40) 27.72 (11.86) 26.37 (11.94) 27.06 (11.90)  34.01 (8.60) 29.05 (10.92) 31.38 (10.18)  34.58 (8.30) 29.39 (11.43) 31.87 (10.37) 

Health decision-making  
self-efficacy (0-36) 26.63 (8.27) 26.97 (8.60) 26.80 (8.42)  29.36 (6.74) 27.74 (8.23) 28.50 (7.59)  29.46 (7.72) 28.31 (8.30) 28.86 (8.03) 

Perceived patient-provider 
communication (12-60) 44.28 (8.01) 44.14 (8.05) 44.21 (8.02)  45.72 (8.33) 43.18 (7.56) 44.38 (8.01)  44.61 (8.44) 44.62 (7.63) 44.62 (8.01) 

Having PP, n (%) 106 (76.81) 88 (65.67) 194 (71.32)  91 (80.53) 89 (70.08) 180 (75.00)  96 (84.21) 100 (80.00) 196 (82.01) 

PP usage 1, n (%)            

   None since last survey -- -- --  17 (18.7) 27 (30.3) 44 (24.4)  9 (9.4) 21 (21.0) 30 (15.3) 

   1-2 times   -- -- --  41 (45.1) 37 (41.6) 78 (43.3)  32 (33.3) 36 (36.0) 68 (34.7) 

   3-9 times  -- -- --  28 (30.8) 24 (27.0) 52 (28.9)  47 (49.0) 35 (35.0) 82 (41.8) 

   10 or more  -- -- --  5 (5.5) 1 (1.1) 6 (3.3)  8 (8.3) 8 (8.0) 16 (8.2) 

e-Health literacy (8-40) 30.62 (5.02) 28.86 (5.37) 29.75 (5.26)   31.58 (5.21) 28.44 (6.16) 29.92 (5.94)   31.42 (5.20) 29.52 (5.73) 30.43 (5.56) 

Note: 1: PP usage was measured at 3 weeks and 4 months 
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Table 4. Results of Hypotheses Testing from Linear Mixed Models (LMMs) 
 
Outcomes From Baseline to End of Treatment (3 weeks)   From Baseline to Follow-up (4 months) 

 β estimation †   Estimated effect sizes  β estimation †   Estimated effect sizes 

 Est. (95% CI) p Value  Within Within Between  Est. (95% CI) p Value  Within Within Between 

    T-PeP control group     T-PeP control group 

        group group           group group   

PP knowledge (0-8) 0.47 (0.08, 0.86) 0.019  0.62 0.35 0.27  0.14 (-0.21,0.50) 0.432  0.50 0.41 0.08 

PP self-efficacy (0-40) 3.48 (1.24, 5.73) 0.003  0.50 0.20 0.29  2.79 (.54, 5.04) 0.015  0.42 0.18 0.23 

Health decision-making 

     Self-efficacy(0-36) 
2.14 (.37, 3.91) 0.018  0.33 0.08 0.25  1.16 (-.60, 2.92) 0.196  0.28 0.14 0.14 

Perceived patient-provider 
communication (12-60) 2.03 (.65, 3.40) 0.004  0.14 -0.12 0.25   -.71 (-2.17, .76) 0.343  -0.004 0.08 -0.09 

Having PP 1, n(%)   -.05 (-.95, .85) 0.914  1.23 1.29 0.95   -.45 (-1.23, .32) 0.249  1.76 2.78 0.63 

PP usage 2 .52 (-.02, 1.07) 0.060  -- -- 1.69  .58 (.06, 1.11) 0.029  -- -- 1.79 

e-Health literacy (8-40) 1.44 (.30, 2.58) 0.014   0.19 -0.09 0.27    -.36 (-1.43, .70) 0.501   0.10 0.17 -0.07 

Note:  1: Having PP was estimated via generalized LMM with binomial distribution; 2: PP usage was compared via ordinal logistic regression models at 3 weeks and 
4 months; †: Coefficient estimation of the group-by-time interaction term in LMM and GLMM or of group term in ordinal logistic regression 
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Fidelity Monitoring of the Intervention   
 
During the trial, an overall of 83.3% of intervention group participants used the T-PeP program. The mean usage 
(frequency) of the program (e.g., the learning modules, discussion boards, and Virtual Library) was 22.7 ± 26.7 
times. The main analysis of this study used an intent-to-treat approach. We, however, used LMMs to compare 
whether the amount of T-PeP program usage affected outcomes of the intervention group. No significant effects 
were found for any of the outcome variables in this study.  
 
Discussion 
 
The findings from the study suggest the effectiveness of the T-PeP program in improving older adults’ PP use 
for their health. To date, there has been no national data on older adults’ PP use. Our findings from 29 states 
showed that a large proportion (71.3%) of older adults who used the Internet reported having two PPs on 
average. However, the majority of these individuals received minimal or no training, which may result in 
ineffective use of PPs. At three weeks, the T-PeP program significantly improved older adults’ PP knowledge 
and self-efficacy but not the number of participants who had PPs or PP usage. PP usage became significant at 
4 months, which seems logical as participants might have needed some time to learn to use PPs. These findings 
are consistent with the guiding theoretical framework of this study, self-efficacy theory,27 and highlight the 
importance of appropriate training in older adults when technology-based health interventions are used.  
 
In addtion, T-PeP improved participants’ self-efficacy for health decision-making and patient-provider 
communication, which indicates PPs can empower and engage patients in their care. Although limited, some 
prior findings also suggested the effectiveness of PPs on improving patients’ health decision-making49,50 and 
patient-provider communication.10 In a cross-sectional survey of veterans (N = 819; mean age, 62 years), older 
adults perceived secure email messaging a useful tool for communicating with health care teams. Findings from 
the analysis of 9,408 PP eMessages sent from patients to 401 surgical providers showed that 339 message 
threads (67.8%) contained information directly associated with medical decision-making.50 
 
The positive impact of T-PeP on eHealth literacy suggests that PPs are a new eHealth technology type that 
older adult online users can learn. In other word, eHealth literacy might not be a suitable outcome for older 
adults who already have years of Internet experience and if the eHealth pogram was developed to improve 
health outcomes. Learning about PPs can affect both health-related outcomes and eHealth literacy on 
technology. In a prior large online trial (N = 899; mean age, 62.5) that tested the effects on an 8-week online 
bone health program in older adult online users,48 findings showed improved selected health-related outcomes 
but not eHealth literacy.  
 
At 4 months, PP self-efficacy remained significant (p = .015) and PP usage, which was non-significant at 3 
weeks, became significant (p = .029). These findings suggest excellent potential for using older adult friendly 
online training modules for eHealth interventions in health care. With the rapid growth of health IT and mobile 
technologies, future health care will use more technology-based interventions and provision of appropriate levels 
of user training is vital. Specifically, older adult training needs must be met as older adults are major consumers 
of healthcare services. To date, health care informaticians have mainly focused on evaluating and implementing 
health IT systems for staff use. These staff also need to be trained to consider patient training as part of their 
implementation strategies.  
 
Overall, the intervention effects on other outcomes (knowledge, self-efficacy, health decision-making, and 
perceived patient-provider communication) attenuated at 4 months, which is consistent with other behavior 
findings. In fact, many behavior management interventions (e.g., weight control) have used short-term intensive 
interventions followed by long-term maintenance sessions (“boosters”).51-54 Some trials that applied this 
approach in online settings55,56 reported effectiveness of the booster interventions.57,58  
 
Throughout the study, older adults’ receptiveness to and willingness to adopt PPs were confirmed. We were able 
to recruit 272 older adults within a 6-month period, and the attrition rates exceeded our expectation (11.8% at 3 
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weeks and 12.1% at 4 months). Additionally, findings on the number of PP accounts that current older adults 
have were insightful. Until now, the nation has paid little attention to using PPs for older adults. Considering the 
volume of health care services that older adults use and the number of providers they have, PPs offer many 
opportunities for managing and improving the health of this growing population.  
 
Generally, the magnitude of intervention effects in the T-PeP intervention showed small to medium ES for most 
outcome variables (range, 0.25–0.29). ESs within each group (T-PeP, 0.14–0.62; Control, 0.12–0.35) were 
higher than those in between groups. Several prior studies also reported similar findings.59-61 Based on meta-
analysis reports,59,60 online interventions were efficacious in changing health behaviors; however, their ESs were 
often small (< .2). Theory-based approaches, additional communication with participants, and just-in-time 
reminders have been shown to improve the effects of online interventions.59,60 
 
Conclusion 
Currently, a large number of older adults are living with multiple chronic illnesses, and management of their 
health in the community is a public health problem. Although PPs have great potential to engage these individuals 
in self-management, little is known about older adults’ use of PPs. The findings of this study show that a large 
number of older adults have PP accounts, with little training, and that the T-PeP program is effective in improving 
their knoweldge and use of PPs, health decision-making, and communication with their providers. Further studies 
are needed with more diverse older adult samples and to test the program’s longer-term effects.  
 
Significance and implications  
 
1. This study is the first RCT that tested the effects of a vendor-agnostic theory-based PP eLearning program 
specifically designed for older adult online users.  The findings of this study showed that a large number of older 
adults had PP accounts, with little training, and that the T-PeP program was effective in improving their 
knoweldge and use of PPs, health decision-making, and communication with their providers.  
 
2. The findings demonstrated the potential of T-PeP to fill a gap in the national health IT initiative for implementing 
PPs by providing older adults with a tailored PP resource program. T-PeP can also save care organizations’ and 
providers’ time spent educating patients in PP use. Current CMS Promoting Interoperability Programs 
regulations (previously known as Meaningful Use of EHRs) mainly focus on healthcare organizations’ PP 
implementation through the CMS incentive payment program, missing a vital component—strategies for 
engaging patients in using PPs to improve their health. PP implementation can be successful only when the 
majority of patients use PPs to improve their health, and the proposed T-PeP can help the nation achieve this 
goal. The synergistic collaboration among academia, communities/organizations, and federal agencies in this 
study can serve as a model for other national Health IT initiatives that require engaging patients in the use of 
new health IT programs.  
 
3. Using a pragmatic approach, this study leveraged a health IT program that is available in most healthcare 
organizations nationwide and contributes to the knowledge base that can improve the technology. The main goal 
of T-PeP is to maximize the benefits of PPs, federally supported health IT tools for consumers that are currently 
underutilized. The pragmatic value of T-PeP was enhanced as the resource was developed considering different 
PPs used by various providers. In this study, we also actively gathered in-depth information on older adults’ 
specific challenges in using various PPs, and the results were published. These findings will inform vendors and 
hospitals, and ultimately, will then drive improvement in products and practice.  
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